Despite their enormous diversity and abundance, all currently known eukaryotic DNA transposons belong to only 15 superfamilies. Here, we report two new superfamilies of DNA transposons, named Sola and Zator. Sola transposons encode DDD-transposases (transposase, TPase) and are flanked by 4-bp target site duplications (TSD). Elements from the Sola superfamily are distributed in a variety of species including bacteria, protists, plants, and metazoans. They can be divided into three distinct groups of elements named Sola1, Sola2, and Sola3. The elements from each group have extremely low sequence identity to each other, different termini, and different target site preferences. However, all three groups belong to a single superfamily based on significant PSI-Blast identities between their TPases. The DDD TPase sequences encoded by Sola transposons are not similar to any known TPases. The second superfamily named Zator is characterized by 3-bp TSD. The Zator superfamily is relatively rare in eukaryotic species, and it evolved from a bacterial transposon encoding a TPase belonging to the ''transposase 36'' family (Pfam07592). These transposons are named TP36 elements (abbreviated from transposase 36).
Introduction
Mobile genetic elements, also known as transposable elements (TEs), are relatively short DNA segments that replicate and move from one genomic locus to another in a process known as transposition. There are two basic types of TEs: retrotransposons and DNA transposons. DNA transposons comprise three major classes: ''cut-and-paste'' DNA transposons, rolling-circle DNA transposons (Helitrons), and selfsynthesizing DNA transposons (Polintons) (Kapitonov and Jurka 2008) . Most of the identified eukaryotic DNA transposons belong to the class of cut-and-paste DNA transposons, currently represented by only 15 superfamilies (Kapitonov and Jurka 2008) . Each superfamily is characterized by a superfamily-specific transposase (transposase, TPase) core, which is not similar to those from other superfamilies. The TPase encoded by cut-and-paste DNA transposons are also called DDE/DDD TPases, due to the universal occurrence of three conserved acidic catalytic residues: two aspartates (D) and one glutamate (E), or three aspartates (DDD). The catalytic residues are part of a retroviral integrase-like fold, where they are closely positioned (Dyda et al. 1994; Rice and Baker 2001; Hickman et al. 2005) . Upon insertion, transposons usually produce target site duplications (TSD), with lengths that are relatively well conserved among superfamily members (Kapitonov and Jurka 2008) . Transposons usually contain terminal inverted repeats (TIRs), which are recognized by the DNA-binding domains of TPases (Smit and Riggs 1996; Chandler and Mahillon 2002) .
In this paper, we report two new DNA transposon superfamilies: Sola (from Latin: alone, single, unique) and Zator (named after the Duchy of Zator split from an older entity in Medieval Europe). Sola elements encode DDD-type TPases and are divided into three highly diverged groups named Sola1, Sola2, and Sola3. Autonomous Zator transposons encode TPases distantly similar to Tc1/Mariner/IS630 superfamily TPases, but phylogenetic analysis suggests that Zators can be considered as a distinct superfamily of eukaryotic transposons evolved from a bacterial TP36-like transposon rather than from one of IS630 bacterial transposons ancestral to Mariners.
Materials and Methods
New transposon sequences were identified by systematic screening of the Hydra magnipapillata genome as a part of the development of Repbase at the Genetic Information Research Institute. Assembled H. magnipapillata genome sequences were downloaded from the National Center for Biotechnology Information (NCBI) and screened for multicopy sequences using approaches similar to those described previously (Bao and Eddy 2002) . The resulting sequences were screened for the presence of TIRs to identify potential DNA transposons. Potential similarity between newly identified TPases and known proteins were checked by local PSI-Blast (Altschul et al. 1997) with the protein database of the nonredundant GenBank proteins (NR) combined with all TPases stored in Repbase. Multiple protein sequence alignments were carried out using the T-Coffee method locally or on a web server (Notredame et al. 2000) . Sequence alignments were edited and illustrated with BioEdit (Hall 1999) . Logo representation of the TSD sequence was created by the WebLogo (Crooks et al. 2004 ) server at http://weblogo.berkeley.edu/logo.cgi/. The copy number of each transposon family was estimated based on the Blast result of the various genome sequences, using consensus sequences of individual transposon families as queries. The transposon sequences reported in his paper are deposited in Repbase.
The phylogenetic tree of TPases was constructed based on the protein alignment in the central DDD/DDE region, using Neighbor-Joining method and minimum evolution method (p-distance model, pairwise deletion, 1,000 bootstrap replicates) implemented in the MEGA4 software (Tamura et al. 2007) . For the phylogenetic analysis of Zator, TP36, IS630, Tc1, Mariner, and Pogo groups, highly divergent TPase sequences were collected to cover the great intergroup and intragroup sequence variability, including 1) canonical sequences from each group, selected either from Repbase or other sources (Shao and Tu 2001) ; 2) randomly chosen sequences from NCBI, 30-60% identical to the canonical sequences; 3) for each group, an additional five sequences from other groups that were the best BlastP and PSI-Blast matches to it.
Results

Identification of the Major Groups of the Sola Superfamily
During the screening of the H. magnapapilata genome, we identified three new types of DNA transposons flanked by 4-bp TSD (supplementary fig. S1A , Supplementary Material online). These transposons contain TIRs and encode TPases that are significantly different from any other known TPases (PSI-Blast E-value . 0.01). Subsequently, more transposon sequences homologous to the original three types were found in other species and were collected in three groups named Sola1, Sola2, and Sola3 elements (tables 1-3; the three groups belong to the same superfamily, see below). The completeness of transposons was verified by the existence of TIRs and TSDs at both ends, followed by multiple sequence alignment to wellstudied examples; incomplete sequences were not included in comparative analyses. In several cases, the transposons were inserted into other repetitive sequences and the preinsertion and postinsertion sequence could be determined in detail.
Sola1 Elements
Sola1 elements belong to the most widespread group of the Sola superfamily ( fig. 1A, table 1 ). Complete or partial Sola1 sequences were identified in two bacterial species, Beggiatoa sp. (PS data set) and Bacillus selenitireducens. In Beggiatoa sp. PS, two different fulllength Sola1 elements have been identified, and one of them, Sola1-1_BPs, is identified in a 13.6-kb long sequence contig (ABBZ01000008). Sola1 transposons were also found in protist species belonging to two major groups: Excavata (Jakoba bahamiensis) and Chromalveolate (Phytophthora infestans, Phytophthora ramorum, and Phytophthora sojae). In choanoflagellate, the closest living relatives of the animals, Sola1 sequences were found in Monosiga brevicollis. Sola1 elements are also present in one plant species, moss (Physcomitrella patens). In metazoans, Sola1 elements are present in animals with radial symmetry: starlet sea anemone (Nematostella vectensis) and Hydra (H. magnipapillata). In bilaterally symmetrical animals, Sola1 sequences were found in diverse species including sea urchin (Strongylocentrotus purpuratus), (table 1) . The termini of Sola1 elements are not well conserved; the first position at the 5#-end usually begins with G or C nucleotides, but A is also present. Most Sola1 elements are ;2-5 kb in length, with notable exceptions such as Sola1-1_SP (10.2 kb) and Sola1-2_SP (10 kb) in sea urchin, and the Sola1-1_PP (15.6 kb) in moss (table 1) . Notably, in addition to the TPase gene (PHYPADRAFT_ 66669), Sola1-1_PP elements also contain another predicted gene (PHYPADRAFT_159308), which encodes a 1,786-aa NLI interacting factor-like phosphatase. Because Sola1-1_PP is the only Sola1 element containing a second gene, it is likely that the PHYPADRAFT_159308 gene is not necessary for the transposition and probably was captured by the transposon.
Sola2 Elements
Like Sola1, Sola2 elements are also widespread ( fig. 1A , table 2), but they appear not to be present in prokaryotic organisms and plants. In metazoans, Sola2 sequences were found in hydra (H. magnipapillata), starlet sea anemone (N. vectensis), sea hare (A. californica), tunicate (C. savignyi), sea urchin (S. purpuratus), mosquito (A. aegypti), deer tick (I. scapularis), fly (Drosophila ananassae, D. willistoni), silkworm (B. mori), wasp (N. vitripennis), lancelet (Branchiostoma floridae), zebrafish (D. rerio), and clawed frog (Xenopus tropicalis). In addition, Sola2-like sequences were found in the expressed sequence tag database of two protists: Naegleria gruberi and Prymnesium parvum (table 2) .
The lengths of TIRs from Sola2 elements range from very long (;500-900 bp) to relatively short (;10-30 bp), even in elements from the same species (table 2) . However, all Sola2 elements contain 5#-GRG and CYC-3# termini.
Sola3 Elements
Sola3 sequences were found in a limited number of species so far ( fig. 1A, table 3 ). It has been found in protist (P. sojae), fungi (Glomus intraradices), and a few metazoan animals: hydra (H. magnipapillata), starlet sea anemone (N. vectensis), nematodes (Caenorhabditis brenneri, Caenorhabditis remanei), mosquito (A. aegypti), and lancelet (B. floridae).
Except for the three Sola3 elements in P. sojae, all other complete Sola3 elements have long TIRs (;400-1,100 bp), and the termini of the TIRs are mostly 5#-GAG and CTC-3#. By contrast, the TIRs of the three Sola3 elements in P. sojae are short (;20-40 bp) , and the termini are 5#-CAG and CTG-3# instead. Target Preferences of Different Sola Groups
The Sola3 elements integrate specifically in TTAA target sites (supplementary fig. S1A , Supplementary Material online). We examined 121 insertion loci of four different Sola3 families: 20 Sola3-2_HM, 48 Sola3-3_HM, 34 Sola3-2_NV, and 19 Sola3-2_CB. Among them, 114 (94%) Sola3 insertions are flanked by TTAA TSDs; the other seven 4-bp TSDs differ from TTAA by only one base substitution. This demonstrates that Sola3 elements are highly specific to the TTAA target site. We also investigated the target preference for some members of the Sola1 and Sola2 groups. We analyzed target sites of two Sola1 families: Sola1-1_HM and Sola1-1_AA, and two Sola2 families: Sola2-1_HM and Sola2-1_AA. The reason for selection of these four families is that they are represented by relatively large numbers of copies in the host genomes, including the nonautonomous elements derived from them. As shown in figure 2, although all transposons from the four families target AT-rich tetranucleotides, the target preferences are different between Sola1 and Sola2. The two Sola1 families show a preference for the AWWT tetranucleotide: 79% of Sola1-1_AA (112 of 141) and 82% of Sola1-1_HM (124 of 152) elements target AWWT sites. In contrast, Sola2-1_HM and Sola2-1_AA elements seem to have no obvious pattern of target selection.
All Sola TPases Are DDD-TPases
To characterize the TPases of the Sola superfamily, especially their catalytic motifs, we multiple aligned all available TPase sequences from all the three groups. Some of the TPase sequences are affected by stop codons, minor indels, or absence of a translation initiation codon (tables 1-3). Nevertheless, among a few conserved motifs in multiple alignment of various Sola1 TPases, three universally conserved aspartic acids, D(362), D(440), and D(484), form the catalytic triad (supplementary fig. S2 , Supplementary Material online; the numbering of the amino acid residues refers to the Sola1-1_HM TPase). In the Sola2 and Sola3 groups, the TPases are less divergent than in the Sola1 group (supplementary figs. S3 and S4, Supplementary Material online), and their multiple alignments also show three conserved aspartic acid residues. For the Sola2 group, the catalytic residues are D (473) 1B) . Although the first clade contains Sola1 TPases from bacteria, protist, plant, choanoflagellate, and metazoans, the second clade is composed of the metazoan Sola1 TPases only ( fig. 1) . In contrast to the Sola3 group, Sola2 also contains potential clades, and it appears to be comparable in age with Sola1 ( fig. 1B) . (Putnam et al. 2007 ).
In addition to the conserved DDD core region, each TPase group also contains a number of other highly conserved, group-specific amino acids (supplementary figs. S2-S4, Supplementary Material online), such as the V(185) C in Sola1, F(318) and P(323) in Sola2, and GW(814)A in Sola3. Besides, most Sola2 TPases contain a CCCC type zinc-finger motif (Laity et al. 2001) , C(371)-C(378)-C(383)-C(386) (supplementary fig. S3 , Supplementary Material online). Similarly, a C2H2 type zinc-finger motif, C(738)-C(743)-H(756)-H(762), is present in most Sola3 TPases, except for the Sola3-1_AA and the three Sola3 TPases in P. sojae (supplementary fig. S4 , Supplementary Material online). The Sola1 TPases, however, do not contain any conserved zinc-finger motifs.
Features Common to Sola TPases from Different Groups
We analyzed sequences around the three universally conserved catalytic residues for additional conservation patterns. Sola2 and Sola3 TPases exhibit a considerable level of additional sequence conservation ( fig. 3A) , mostly around the first and the last universally conserved aspartate residues. In addition to the aspartate residues, there are five to six other positions in these two areas that are occupied by identical or similar amino acids in majority family members, such as H(445), Q(452), E(485), H(499), and G(593)K in figure 3A . When comparing the Sola2 and Sola1 TPases, a similar pattern of sequence homology also appears, but the sequence similarities cluster around the second and the third catalytic aspartate residues ( fig. 3B) . In a separate study, we compared Sola1 TPases and Sola3 TPases, but the sequence similarities are lower than in the previous two comparisons. Specifically, the number of additional conserved or semiconserved amino acid residues in the local areas is three or less (data not shown). In an extended survey, we compared the Sola DDD TPases with DDE TPases from known eukaryotic superfamilies, but the number of conserved or similar residues in each of the local areas was at most two (typically one or none).
FIG. 1.-The species distribution of Sola elements (A) and the phylogenetic tree of the Sola TPases (B). The red, blue, and green colors represent Sola1, Sola2, and Sola3 groups, respectively. For those species, harboring more than two different Sola groups, their species names are decorated with the corresponding colors of Sola groups. The phylogenetic relationship of species is based on published literature (Pennisi 2003) , and the taxonomic classification of protists is obtained from Adl et al. (2005) . The phylogenetic tree was based on the alignment in the core region (from six amino acids upstream of the first catalytic D to ;30 amino acids downstream of the last catalytic D residue), and was reconstructed by Neighbor-Joining method (shown here) and minimum evolution method (not shown). Tree reconstructed by the minimum evolution method showed a similar topology. The bootstrap values of each Sola group, derived from Neighbor-Joining and minimum evolution analysis, respectively, are shown in color. The two clades in Sola1 and one potential clade in Sola2 are shaded out, and their bootstrap values are shown in parentheses. The species and transposon families are listed in tables 1-3.
New Superfamilies of Eukaryotic DNA Transposons 987
Characterization of Zator Transposons
Another new eukaryotic DNA transposon superfamily is named Zator. Zator elements were identified in protist (N. gruberi) and in several animals, including hydra, mollusk (A. californica), leech (Helobdella robusta), mosquito (A. aegypti, C. pipiens), lancelet (B. floridae), flatworm (S. mediterranea), sea urchin (S. purpuratus), and fly (D. willistoni) (table 4). Zator elements encode a single putative TPase (;600-800 aa) and are flanked by short TIRs (25-34 bp) and 3-bp TSD (supplementary fig. S1B , Supplementary Material online). Notably, one 6.5-kb-long fragment in the S. purpuratus genome (AC180416.1: 77775-71242) contains a ;2-kb Zator-like sequence in the middle, and 450-bp inverted repeats at either end. However, it is unclear whether these particular long inverted repeats represent TIRs of this Zator element. The termini of Zator elements are 5#-GG and CC-3#, and they are different from those of the 450-bp inverted repeats.
Zator TPases are significantly related to a group of bacterial TPases called ''transposase 36'' (described below; hereafter we refer to the insertion sequences [IS] coding for it as TP36 element). The alignment of the Zator and TP36 TPase shows a few conserved blocks in a ;150 aa region. In this region, three strictly conserved acidic amino acids, D(346), D(463), and E(507) (positions relative to the sequence of Zator-1_HM TPase), were found and most likely constitute the DDE-catalytic motif in Zator and TP36 TPases ( fig. 4A ).
The Origin of Zator TPase from Bacterial Transposase 36
Using protein sequences of 11 Zator TPases initially identified (table 5) as queries in standard BlastP searches against all GenBank proteins, we found that the Zator TPases were not similar to bacterial or eukaryotic proteins, excluding a few Zator TPases annotated previously as hypothetical eukaryotic proteins. In more sensitive searches against the GenBank proteins combined with the 11 Zator TPases, using each TPase as a query in PSI-Blast (Altschul et al. 1997) , we found that the Zator TPases were similar to numerous bacterial proteins annotated in GenBank as transposase 36 (hereafter refer to transposase 36 as TP36). To our knowledge, TP36 has not been described in the literature and was introduced recently in the Pfam database of proteins (http://pfam.sanger.ac.uk/) under accession number PF07592. The original similarity between the Zator and TP36 TPases was marginal, producing respective E ivalues 0.006 and 0.024 for the mosquito Zator1_AA and fruit fly Zator_DW TPases as the PSI-Blast queries (E i is the E-value threshold for the first inclusion of bacterial TPases into the PSI-Blast iterations).
To ensure that the observed similarity between the Zator and bacterial TPases was significant, we employed the previously described method of ''stepwise'' PSI-Blast iterations . According to this method, we studied dependence of E I -values on the number of Zator TPases combined with GenBank proteins: 1) used a GenBank set combined with N number of Zator TPases (N was 11 and 18 in our studies); 2) ran PSI-Blast against GenBank combined with TPases using each TPase as a query; 3) selected only Zator TPase sequences with E-values lower than 10 À4 to define the PSI-Blast position-specific score matrix (PSSM); 4) took the best E i -value obtained by PSI-Blast for bacterial proteins when PSSM was constructed without them; and 5) repeated these operations for different numbers (11 and 18) of TPases. If the eukaryotic Zator TPases have evolved in a distant past from the bacterial TP36, then combining more diverse Zator TPase sequences with GenBank should yield PSSM more similar to the TP36 TPases. iterations; data not shown). Moreover, it is commonly believed that TPases of the bacterial IS630 superfamily were ancestors of the Mariner superfamily of eukaryotic TPases that includes the canonical Mariner, Tc1, and Pogo groups. Given the known similarity between the IS630 and Mariner/Tc1/Pogo TPases, it is not surprising that there is significant similarity between the Zator and Mariner/Tc1/ Pogo TPases (supported by E i -values ,0.005, after .10 rounds of PSI-Blast iterations with Zator queries against the GenBank proteins; data not shown). Unlike retrotransposons, TPases from different superfamilies of DNA transposons are not similar to each other (Kapitonov and Jurka 2008) . Therefore, due to the above-mentioned significant similarities between Zator and Mariner/Tc1/Pogo TPases, Zator transposons could be viewed as members of the Mariner superfamily. However, based on phylogeny studies described below, it appears that transposons of Zator and Mariner superfamilies have evolved independently from different bacterial transposons (TP36 and IS630, respectively).
To illustrate the evolutionary relationship among Zator, TP36, IS630, Mariner, Tc1, and Pogo TPases, we performed a phylogenetic analysis. We collected 75 protein sequences from Repbase and GenBank (see Methods; the multiple alignment of the TPase sequences is shown in the supplementary fig. S5 , Supplementary Material online). Based on phylogenetic reconstructions ( fig. 4B) , it appears indeed that Zator and TP36 TPases form a cluster perfectly separated from IS630/Mariner/Tc1/Pogo and other TPases. Therefore, we assume that Zator transposons have evolved from a TP36 transposon independently from IS630/Mariner transposons and form a separate superfamily of eukaryotic DNA transposons.
To further illustrate the similarity between Zator transposons and TP36 IS at the DNA level, we also extracted seven complete TP36 transposons from seven randomly picked bacterial species (table 6) . Interestingly, six of seven TP36 elements share the same termini with Zator elements: 5#-GG and CC-3#, with the exception of the TP36 from Streptomyces sp. Mg1 (table 6), which contains 5#-CT and AG-3# termini. Like Zator, TP36 elements in most bacteria are also flanked by 3-bp TSD (table 6) . However, one TP36 element from Rhodopirellula baltica SH 1 generates the unusual 1-bp TSD (supplementary fig. S1C , Supplementary Material online). There are five TP36 insertion loci in the genome sequence of R. baltica SH 1, and in three of them, the presumed pre and postinsertion sequences were found. Comparison of these sequences clearly demonstrates that each of the three TSD is 1 bp long. In the remaining two of the five loci, no preinsertion sequences were found, but the TP36 elements are flanked by the same 1-bp nucleotide at both ends (data not shown), consistent with the notion that the size of TSD is 1 bp. A single base pair TSD was previously identified in unclassified DNA transposon ACROBAT1 from zebrafish (Kapitonov and Jurka 2002) .
Discussion
Most of the currently known eukaryotic cut-and-paste DNA transposon superfamilies are DDE superfamilies. PiggyBac and Mariner are the only two superfamilies encoding DDD-TPases, although the Mariner superfamily also contains DDE TPases. The evolutionary relationship between different superfamilies remains largely an open question due to the great sequence divergence among their TPases. In this paper, we report a new DNA transposon superfamily containing the very diverse subgroups of transposons named Sola1, Sola2, and Sola3 coding for fig. 2) . Given the sequence divergence of the three Sola groups, as well as differences in their target preferences and termini, they can be considered to be three proto-superfamilies that may eventually evolve into separate superfamilies. As shown in figure 1A , elements from all Sola groups are represented in species from the Kingdom of Protista. Due to the possibility of horizontal transfer, scarcity of phylogenetic information on early eukaryotes, and relatively few protist genome sequences available, it is difficult to determine the emergence order of the three groups. Nevertheless, the available data appear to be consistent with Sola1 being older than the other two groups (Sola2 and Sola3). Sola1 elements appear to be more widespread in diverse species, including bacteria, protists, fungi, plants, and choanoflagellate ( fig. 1A) . However, there is an open possibility that the presence of Sola1 elements in bacterial species Beggiatoa (fig. 1B) is a result of horizontal transfer. In such a case, the age of Sola1 and Sola2 could be comparable. We also noted that there are higher sequence similarities between Sola1/Sola2 and Sola2/Sola3 elements than between Sola1 and Sola3 elements. Sola1 and Sola3 elements did not converge in our PSI-Blast runs, unless Sola2 sequences were added to the set, suggesting that Sola3 elements evolved from Sola2 elements.
Sola3 and PiggyBac elements both integrate preferentially at TTAA sites, and some conserved sequence features around the catalytic residues appear to be shared between Sola3 and the PiggyBac elements ( fig. 3C ). However, Sola and PiggyBac TPases do not converge during PSI-Blast iterations and the question whether or not the observed similarities are due to common ancestry or convergent evolution remains open.
The Zator superfamily and its bacterial counterpart, TP36 elements, abbreviated from Transposase 36, are distantly related to the Mariner superfamily and bacterial IS630-like elements. However, due to the independent origin of Zator from TP36 ( fig. 4B ), we classify Zator as a separate eukaryotic superfamily, following earlier practice (Kapitonov and Jurka 2007a) . Unlike Mariners, Zator transposons are not present in sequenced genomes of plants and fungi. Therefore, one possible scenario is that a TP36 transposon, ancestral to Zator transposons, was transferred horizontally into a common ancestor of animals. However, Zators populate the protozoan amoeboflagellate N. gruberi The first column lists all 18 Zator TPases used as queries in BlastP and PSI-Blast searches. The 11 TPases identified at the first stage of our study are in bold. Column 2 shows E-values of best matches between the Zator and bacterial TPases (TP36) detected in BlastP searches against the NR. NR1 and NR2 are two different releases of GenBank downloaded from NCBI in October 2007 (;4.2 million proteins, including one Zator TPase) and December 2008 (;7.4 million proteins, including 4 Zator TPases), respectively. Columns 3-4 report E i -values of best matches between bacterial TPases and a Zator-derived PSSM after adding the first 11 and all 18 Zator TPases to the NR1 and NR2 GenBank sets. The numbers of the PSI-Blast iterations after which these E i -values were obtained are shown in parentheses. genome, suggesting another scenario in which Zator transposons have evolved from a TP36 transposon introduced in a common ancestor of amoeboflagellates, fungi, and animals, followed by subsequent extinctions of Zators from fungi. Alternatively, the first scenario is still tenable if the amoeboflagellate transposons have evolved via horizontal transfer of an animal Zator. For instance, the ;200-aa TPase core region in the hydra Zator-2_HM is 76% identical to that in the mosquito Zator-1_CP transposon. Given that hydra and mosquito split from their common ancestor some 900 Ma, the observed high identity suggests that these transposons might have evolved via horizontal transfer. Identification of new superfamilies of TEs, even the most obscure ones, can be critical for understanding their biological impact on eukaryotic genomes. One important example is the RAG1 gene derived from transposons belonging to the little known Transib , and Chapaev DNA transposon superfamilies (Kapitonov and Jurka 2007b; Panchin and Moroz 2008) . RAG1 is involved in V(D)J recombination, which is a crucial step in the immune response in vertebrates. Also, TEs might have been precursors of transcription factors and other components of eukaryotic regulatory systems (Robertson and Zumpano 1997; Cordaux et al. 2006; Gentles et al. 2007; Jurka 2008) . Therefore, understanding of the biological diversity of TEs is essential for a fundamental understanding of their biological impact on the eukaryotic world.
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